An aerobic, Gram-stain-negative, oxidase-and catalase-positive, non-motile, non-spore-forming, rod-shaped, pink-pigmented bacterium, designated strain R49 
5JCM 30685 T ).
The family Cytophagaceae (previously 'Flexibacteraceae') in the order Cytophagales and the phylum Bacteroidetes (Ludwig et al., 2011) was established by Stanier (1940) . Members of the Bacteroidetes are widely distributed in nature, and are frequently found in aquatic ecosystems (Glöckner et al., 1999; Kirchman, 2002; Yoon et al., 2005) . At the time of writing, the family Cytophagaceae comprised 28 genera (http://www.bacterio.net/-classifgen erafamilies.html#Cytophagaceae). The cells of members of this family are Gram-stain-negative, rod-shaped, nonmotile or motile by gliding, and usually form pigmented colonies. The DNA G+C content is 34-65 mol%, and the major respiratory quinone is menaquinone-7 (MK-7) (Sheu et al., 2013) . Colonies of the Cytophagaceae are usually pigmented yellow, orange, pink or red due to the presence of carotenoids, flexirubin-type pigments or both (Nakagawa, 2011; Kang et al., 2013a,b) . In this study, a novel soil bacterium, strain R49 T , of the family Cytophagaceae is described.
Bacteria were selected from soil samples obtained in Hwaseong, South Korea, and one strain, named R49
T , was isolated and subjected to a polyphasic taxonomic characterization. The results obtained from the phenotypic, genotypic and phylogenetic analyses indicate that strain
R49
T represents a novel species of a new genus in the family Cytophagaceae.
Soil samples were obtained from different soil ecosystems and placed in sterile polyethylene bags, closed tightly and stored at room temperature. A modified culture method using transwell plates (Van Pham & Kim, 2014) was utilized in this study. After placing 3 g of soil into each transwell plate, 3 ml of R2A agar medium (MB Cell) was added to each transwell insert. Then, 100 ml of a soil suspension (1 g of soil in 9 ml distilled water; thoroughly stirred and settled) was added into the insert. The transwell plate was then incubated in a shaking incubator at 120 r.p.m. and 28 8C for 2 weeks. After 2 weeks, the culture was serially diluted, and 100 ml of each dilution was spread on an R2A agar plate (Nguyen et al., 2013) . Colonies were individually streaked on R2A agar plates until pure colonies were obtained, and the strains were stored at 270 8C as suspensions in R2A broth supplemented with 20 % (v/v) glycerol.
Genomic DNA was isolated from strain R49
T according to the method of Cheng & Jiang (2006) . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R (Frank et al., 2008) , and the amplified gene was sequenced with an Applied Biosystems 3770XL DNA analyser using the Big Dye terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly full-length 16S rRNA gene (1434 bp) was determined, and the closest phylogenetic neighbours were identified by using the EzTaxon-e database (Kim et al., 2012) . After generating a multiple sequence alignment using CLUSTAL X 2.1 (Thompson et al., 1997) and analysing the sequence data using the software package BioEdit (Hall, 1999) , phylogenetic analysis was performed using MEGA6 (Tamura et al., 2013) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods. Bootstrap values were calculated based on 1000 replications (Felsenstein, 1985 T were selected for comparative analysis and were used as reference strains for biochemical tests and analyses of fatty acids, menaquinones and polar lipids. The reference strains were obtained from the Korean Collection for type Cultures (KCTC) and the German collection of micro-organisms and cell cultures (DSMZ).
The morphology of the cells (Fig. S1 , available in the online Supplementary Material) grown on R2A agar for 2-4 days at 28 8C was visualized by light microscopy (BX50 microscope; Olympus), scanning electron microscopy (S-4800; Hitachi) and transmission electron microscopy (H-7650; Hitachi). Colony morphology was observed on R2A agar after incubation at 28 8C for 5 days. Motility was assessed in R2A medium containing 0.4 % agar. Gram staining was performed according to the procedure described by Doetsch (1981) . Catalase activity was determined as the production of bubbles after the addition of 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined by using 1 % (w/v) tetramethyl-p-phenylenediamine. The presence of flexirubintype pigments was investigated with a 20 % (w/v) KOH solution (Reichenbach, 1992) . Extracts of cells for carotenoid analysis were prepared with acetone/methanol (7 : 3, v/v; Davies, 1976; Naziri et al., 2014) and the absorption spectrum (350-750 nm) was recorded using a UV-visible spectrophotometer (DU800; Beckman Coulter). Growth was assessed on various bacteriological media, including R2A agar (MB Cell), nutrient agar (NA; Oxoid), trypticase soy agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), Mueller-Hinton agar (MHA; BBL), brain heart infusion agar (BHI; Bacto), veal infusion agar (VA; Difco) and potato dextrose agar (PDA; Difco). Growth in peptone water [peptone, 10 g l 21 (Samchun Chemical); NaCl, 5 g l 21 ] was assessed after incubation for up to 10 days. Growth at 4-42 8C (4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 40 and 42 8C) was determined on R2A agar plates. The pH range for growth was determined by cultivation at 28 8C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6-7.5), Tris buffer (for pH 8-10) (Breznak and Costilow, 2007) or 5 M NaOH (for pH 10.5-12.0). Testing after autoclaving revealed only minor pH changes. Growth in NaCl was examined by cultivation in R2A broth containing 0-10 % (w/v) NaCl (at 1 % intervals). Tween hydrolysis was assessed according to the method of Smibert & Krieg (1994) . Anaerobic growth was assessed by cultivation on R2A agar at 28 8C for 10 days in a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of starch was evaluated as described by Tindall et al. (2007) . Production of hydrogen sulphide was assessed using SIM medium (Oxoid). The methyl red Voges-Proskauer test was conducted with MR-VP broth (Vaughn et al., 1939) . A DNase assay was performed using DNase agar (Oxoid). Antibiotic susceptibilities were tested by cultivation on R2A agar plates at 28 8C for 3-4 days by the paper disc method. Endospore formation was evaluated by staining with malachite green. Other physiological and biochemical tests were performed using the API 20E, API 20NE and API 50CH test kits (bioMérieux). Enzyme activities were tested using the API ZYM kit (bioMér-ieux) according to the manufacturer's instructions (Table 1) .
For fatty acid analysis, biomass was harvested from strain R49
T and the three reference strains in the exponential growth phase (2 days) on R2A agar plates after incubation at 28 8C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 series GC system; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) .
The polar lipids and menaquinone were extracted according to the procedures described by Minnikin et al. (1984) . The menaquinone was extracted with methanol/ water [water containing 0.3 % (w/v) NaCl (Card, 1973)] and petroleum ether at 80 8C and analysed by HPLC. The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 2, by vol.) in the second. Appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) were used to identify the spots: molybdophosphoric acid [phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; Sigma-Aldrich] was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Science) was used to detect phospholipids and a-naphthol reagent was used to detect glycolipids. The major polar lipid of strain R49
T was phosphatidylethanolamine (PE). In addition, one unidentified phospholipid (PL1), four unidentified aminolipids (AL1-AL4) and five unidentified polar lipids (L1-L5) were also detected. No glycolipid was detected in the chromatogram when sprayed with anaphthol-sulphuric acid and incubated at 110 8C for 15 min (Fig. S2) . Dyadobacter soli MJ20 T (GQ241324)
Dyadobacter tibetensis Y620 T (AZQN01000011)
Dyadobacter jejuensis AM1R11 T (JN597283)
Rhabdobacter roseus R49 T (KP324792)
Persicitalea jodogahamensis Shu-9-SY12-35C T (AB272165
Runella defluvii EMB13 T (DQ372980)

Runella limosa DSM 179739 T (AXVJ01000103)
Runella slithyformis DSM 19594 T (CP002859)
Runella zeae NS12 T (AF137381)
Siphonobacter aquaeclarae P2 T (FJ177421)
Algoriphagus boritolerans T -22 T (AB197852)
Cesiribacter andamanensis AMV16 T (AODQ01000227)
Cesiribacter roseus 311 T (HM775387)
Marinoscillum luteum SJP7 T (HM161878)
Hymenobacter deserti ZLB-3 T (EU325941)
Hymenobacter ocellatus Myx 2105 T (Y18835)
Hymenobacter elongatus VUG-A112 T (GQ454797)
Nibribacter koreensis GSR3061 T (JN607156)
Pontibacter saemangeumensis GCM0142 T (JN607163) The DNA G+C content was measured according to the procedure described by Mesbah et al. (1989) . The DNA G+C content of strain R49 T was 53.9 mol%. A 16S rRNA gene sequence similarity of less than 95 % is generally regarded as a cut-off value for allocating a strain to a new genus (Ludwig et al., 1998 T was 53.9 mol%, a value significantly higher than that of the genera Dyadobacter (44-50 mol%) (Chelius & Triplett, 2000; Chaturvedi et al., 2005; Reddy & Garcia-Pichel, 2005; Liu et al., 2006; Baik et al., 2007; Dong et al., 2007; Tang et al., 2009; Lee et al., 2010; Chen et al., 2013; Chun et al., 2013; Shen et al., 2013) and Runella (49-50 mol%) (Larkin & Williams, 1978; Chelius et al., 2002; Ryu et al., 2006; Lu et al., 2007) . Phylogenetic analysis based on 16S rRNA gene sequences suggested that strain R49
T did not belong to any existing genera but formed a distinct phyletic lineage in the family Cytophagaceae (Fig. 1) .
The KOH test results indicated that flexirubin-type pigments were absent from strain R49 T . Instead, a carotenoid pigment was present with the maximum peak of the spectrum at 479 nm and shoulders at 506 and 449 nm as determined by the acetone/methanol extract method (Fig. S3) . However, flexirubin-type pigments are present in the genus Dyadobacter, the closest related taxon, as a major property (Lang et al., 2009) . The pink pigmentation of strain R49
T compared with yellow pigmentation of Dyadobacter is also a major difference between the two (Chelius & Triplett, 2000; Chaturvedi et al., 2005; Reddy & Garcia-Pichel, 2005; Liu et al., 2006; Baik et al., 2007; Dong et al., 2007; Tang et al., 2009; Lee et al., 2010; Chen et al., 2013; Chun et al., 2013; Shen et al., 2013) . The inability to use L-arabinose, D-fructose, inulin, melezitose, turanose, D-tagatose and D-fucose as carbon source differentiates strain R49
T from its closest related genera (Table 1) . The members of the genus Dyadobacter cannot tolerate high salt concentrations except Dyadobacter hamtensis JCM 12919 T , which can tolerate up to 11.6 % (Yoon et al., 2007) .
The major fatty acids of strain R49
T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 40.7 %), iso-C 15 : 0 (21.4 %), C 16 : 1 v5c (17.5 %), C 16 : 0 (6.6 %) and iso-C 17 : 0 3-OH (2000), Yoon et al. (2007) and Larkin & Williams (1978) . +, Positive; 2, negative; W, weakly positive; ND, data not available. 
53.9 (48.0) (56.3) (49.6) (3.7 %), a profile similar to those of its closest related strains ( Table 2 ). The major isoprenoid quinone was MK-7 with trace amount of menaquinone-6 (MK-6). Phosphatidylethanolamine was the major polar lipid of strain R49 T . The presence of one unknown phospholipid, four unknown aminolipids and five unknown polar lipids distinguished strain R49
T from its closest relatives. Strain R49
T was sensitive to tetracycline (30 mg), gentamicin (10 mg), novobiocin (30 mg), chloramphenicol (100 mg), kanamycin (30 mg), streptomycin (10 mg), neomycin (30 mg), rifampicin (30 mg), nalidixic acid (30 mg), trimethoprim (30 mg) and sulfamethoxazole (30 mg), but resistant to cycloheximide (30 mg), ampicillin (10 mg) and penicillin (10 mg).
Based on the phenotypic, chemotaxonomic and phylogenetic data presented here, many of which were different from its closest relatives, strain R49
T cannot be assigned to any recognized taxa at the genus level; therefore, we suggest that it represents a novel species of a new genus within the family Cytophagaceae, for which the name Rhabdobacter roseus gen. nov., sp. nov. is proposed.
Description of Rhabdobacter gen. nov.
Rhabdobacter gen. nov. [Rhab.do.bac9ter. Gr. n. rhabdos stick; N.L. n. bacter (from Gr. n. bakterion) rod; N.L. masc. n. Rhabdobacter a stick-like rod, referring to the cell shape].
Cells are Gram-stain-negative, rod-shaped, non-motile, non-spore-forming, aerobic, and oxidase-and catalasepositive. The predominant quinone is MK-7. No flexirubin-type pigments are produced. The predominant fatty acids are iso-C 15 : 0 , C 16 : 1 v5c, C 16 : 0 and iso-C 17 : 0 3-OH with large amounts of summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c). The major polar lipids are phosphatidylethanolamine, unknown lipids, unknown aminolipids and an unknown phospholipid. Based on phylogenetic analysis, the genus belongs to the family Cytophagaceae within the phylum Bacteroidetes. The type species is Rhabdobacter roseus.
Description of Rhabdobacter roseus sp. nov.
Rhabdobacter roseus (ro9se.us. L. masc. adj. roseus rosy, referring to the colour of the colonies).
Has the following properties in addition to those given for the genus. Grows well on R2A agar, NA, MHA, VA and peptone water, but weakly on TSA and BHI, and no growth is observed on MA, MRS agar and PDA. Colonies on R2A are circular, of low-convexity with entire margins, smooth and translucent. Colonies are light pink but become brilliant pink when incubated for more than 1 week. Cells are 2.36-2.76 mm long and 0.82-0.93 mm wide. After incubation on R2A agar for 5 days at 28 uC, colonies are 1-3 mm in diameter. Cells grow at 10-37 uC (optimum, 25-30 uC) and pH 5-9 (optimum, pH 6.5-8.0). Cells grow optimally in the absence of NaCl, but tolerate up to 5 % NaCl. A carotenoid pigment is present. Hydrogen sulphide is not produced as a result of culture in SIM medium, and starch is not hydrolysed. DNase assays using DNase test agar are negative. 
